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INTRODUCTION 

S o i l  ertnion ;inJ Je.siJiiritm is r pr~4dcni romnitn ISI - t t ~ p l . ~ n J -  thr<w:h<wr the tr~Ttc.. In 1%. 

Jemrtatitm c;ruud bv hurric;tne\ l l i tch ;tnJ ( k ~ r n p  tn Clcnrrxl ..\mcric.t ,tnJ the (,trihkan rcncw~d the 

attention c,f p i i c y  m A e n  t o  the iniys)n:inc~~ 4ud  c<,nu.n-.trion r i ~ ~ ~ c u I ~ ~ ~ ~ ~ I  I.lnJ.. q w t . t I I \  .an \twr 

A ~ p s .  Lack o t  i d  conwrwtit)n mucturcs t>r p r ~ w m w  \~~-cct.ttt\-c c(w-r tm I.trrc .wc,t- 01 ir<yywJ 1 . d  

anJ  :~ir td t d l ~ w s  in the rntwnt;ilns oi HtmJur.ts Xic.tr.t~n~.i. .tnJ Hatti Icd 10 I c n ,  ~d \-.ilt~ahl~ r<y. \wl  .tnJ 

arable lanJ throuchout w t e n h c ~ l > .  c~wtly Jeztnlititw .inJ It-. I l k  ..thtnc \\-.trcn\-.I\-. . tnJ  in the Ion~l.tn\h. 

In Haiti. Hurricane G r ~ ~ r g m  \ d e n t t l  m r . . i t n h l ~  .tnd crc.ttrxl nc\\ J n ~  -trr-.tmh-J. In amittlrar.~l ircl,l.. 

i3bic.n.arions in Lirnien' itelJs in Hcdur.i. in the .tirmn;trh e.1 Humi;tnc hlttch ,h~t \ \ -d  r1i.11 p q w r l v  

constructt.rl and I ~ x i i t z i l  nz-k terraces, ctrnrtwr :T.I<* mu-.. and rrcc i.dhl\\-. \wrc .all ciiccrt\e In rre\-cntini: 

the IanJsliJcs that J e \ - ~ ; i r t d  unpnwcteJ ImJ. (T. Tliur,nv. ps.tn;tl c,unrnuntc.~ri,n. IWS\. O n  the 

c,rhcr h;inJ. niulzhint: with crt,p r c d u c ~ ,  ;tlthtrugh ~ i t k t i ~ ~  in rcJuiinr *uri.tcc nln'di Junnc  ikm1.d 

stcwni events. were t t d l \ -  incitArivc .it prevenrinc l.inJ.liJc- unJr.r ~wrcniclv hirh r.rini.~ll. i h w c  ~d 

appropriate ~ ( d  ccm_~.n.ati~m practices ior h,w-rexrurcc I;inncn <rn tnrptz.il . i~~p ln lk t -  I> rh t r  an i n ~ p v -  

rant crmsiJeration. 

.\lthswt:h the prinwg- purpxw a l t  x,il ccmu.n-.tritm pr.tcrice. in . t : ~ i i ~ h r c  1. r d u i ~  is-\ rrf -.d . I ~ J  

u-atcr in runcrfi, a i d  icmwn..ttitm pr.tctier. niwt . t l i >  k a w \ 4  w t h  r q w t  11) X,thcr .i.pxt. 1d thc i m n -  

in? -\-stem. xtch .is clht. .tciept;thility. .tnJ it' I,,ng-tcmn e t fkr  .>n r i ~ ~ ~ i u l t t ~ r . ~ l  p r < \ l i ~ t t ~ n  5 . ~ 1  erthi.~n 

ccmrr<>l c~~ntr ibures to incrr..~xd msr.~tn;thilitv hy .irr-tin~ bhr ~ d ~ ~ r s t n t c  m m c r  a d  nurncnr. m x ~ h d  1.w 

crop proJ~lct i~m. Ho\vc\-er. simplv rrt;tinint: -,il ir~rrn rn'xine n1.q n',t wri~ctent tnienrtr-e 1s.r Lm - 
rr iwrce i k t m e ~  tu in \ -e t  in icntlt ictnxn-xicm .tnictitrr-. Tlicrc rnwr .11*, h. h.11~i~t. rhc f.mitrr tn 

rrrn1.i d e n h a n ~ d  anJ  .u.t.iinrtl rnxluction , , i c r , ~ p  m J h x  i t \ r ~ ~ r ~ r ; k .  In thi. p p r .  u e  eamder  rhc I<nc- 

term eitCzts on  crop +U. In it~rure ptpn. rhi. ?;rrcpl.lnJ h l j c ~ r  \ d l  irm-tJcr .,$her I.k-tt,n .ttiiwtn,: thc 

c h ~ ~ i c e  cd i ) i l  i~m.r.natia,n yr.iitiic.. 3uch .i\ ~mt*icm .tnJ n~n,di.  . t i i c p t . t b ~ l t ~ ~  1.3 t . inn~~n.  .m,l cxi-.mtvnii 

;isc\i.ment. 



LONG-TERM EFFECTS OF SOUL C O N S E R V A T I O N  BARRIERS ON CROP Y I E L D  ON TROPICAL STEEPLAND IN  H A I T I  

Context of the Research 
The research descriheci in this report was initiateel in Haiti un~ler USAILYs Agniforestry I1 Project, in 

response to perceived needs expresseJ by the two orgmizatims comlucting extension work in the project, 

CARE International and the Pan Anleriwn l)eveIciptnent Fm~niI;~ti<rn (PAL)F). Honwer, the issues and 

trends involved are common t o  tropicd steeplands arounJ rllc worlil. A hackgrciunri to soil and u7ater con- 

servation history with respect to lJSAIl)-suppi~rreil ;~ctivitics in Haiti, and nutrient tnanngelnent issues 

provides the context for the research described here. 

Soil Consetvation Practices in Haiti 
A number of soil and water conservation practices (in cropped I;lnJ are well estahlished in rural 

Haiti. These include contour ridging, mck u d s  huilt withm~t ~mirt;tr (tnurs secs), rock lines (cordms de 

pierre), residue harriers (rampes pailks), grass rows, and more rcccntly, he~lgcrows ( ramp vivant or haie t'iz'e). 

Contour canals, although promoted hy some, have not received much ;~ttcntion, nor have ther heen \vide- 

Iy adopted hy fir~ners. Other pracrices that may he considereel experimental ;Ire now finding their pl;~cc 

in farmers' fields. These include contc~ur alley cropping anil IieJgcnnvz ot perennial crops (hann manje). 

Despite the fact that most Haitian fir~ncrs are aware (&most of these cc~nservatiim practices and their use 

is in eviclence around the ctiunrry, rhe majority oftkmlnnil is n<,t pr<,recreii hy ;In, of thcse practices. 

Inacleqnate adoption of soil conser\.ation practices hy fmr~crs h x  engendered considerable specul.1- 

tion over the years hy both protessionals and the public ar largc, ,rnJ i \  the subject of on-going research. 

There are many reasons given, some technical, aune eci)nonric < v  s<~ciol<rgical. These will not he discussed 

in detail here, except as necessary to pmvicle the context fur spcciiic practices heing descriheil. 

Ridpine. The  use of ridging varies, depending  piin in location \vithin the country and crop grown. Ridges 

are used for crop associatims [if vilri(lus combinations incluiling mairc, ccimrn(~n hean, sorghum, cassaI.a, 

pigeon pea, and cowpea, hut less often for peanut or s d e  crops of commm bean or c ~ w p e ; ~ .  Sweet pota- 

t w s  may also he planted on  ridges, but these ridges tend tc, be sm;lll in many arcas. A t  high ele\;~tions, 

ridging is consistently used for Irish potato. Soil parent material may ;1lr<1 influence the decisiiin to huild 

ridges. Perhaps the most striking exa~nples of ridging use on steep sh~pes arc to he i<iunil  round Palmiste 

5 Vin, where whole mountainsides are meticulously riclgeil and aln,ost ccintinually cropped (Photo 1).  The 

soils in this area are derived from basalt and ;Ire highly susceptible to ertisi~in. Stone is not readily wail- 

ahle in this area and frequent cultiv;ttion of these steep slopes would not he possihle without ridging or 

other soil conservation measures. 

Rock walls. 7 h e  constn~ction of n ~ c k  walls is practiced in many parts i ~ f  ffaiti 2 and 3). It is also 

referred to as dry wi l l  terracing, because no mortar is uscd and hec;luse it leads, over time, to the formaticin 

of terraces. Rock udls  are consrntctc~t hy first digging ;I shallow trench, iileally on the contour, and careful- 

ly stacking rocks in such a manner that the wall is stable unless dim~rhed. The hase is usually 40 to 80 cen- 

timeters (cm) across, while the top may he 20 to 40 cm a c n w  The h v n h i l l  face of properly constructed 

\valls slants slightly into the hill, so as to increase stability. Tilhp ;,nJ w;wr erosii,n lrad to the accumula- 

tion of soil hehind the structures, soil thus the creaticm of terraces u ~ i t l i c ~ ~ ~ r  i~dditional efibrt (Photo 4). The 

u d s  must he huilt higher over time as more aiil is deposited Iw4iin~l them. Rock walls are ad\.antage<ius in 

many areas of the country where the hednxk is limestone, since n ~ c k  is rc;idilY available in the field, and 

rearrangement of this nxk  into walls leaves more room for crop. r,, qrow. H w w e r ,  due to the high lahor 

requirement to construct the walls, fimners in many ;areas :lppe;ar reluctant to invest in rock walls without 

subsidies. Rock walls also require some maintenance. In other ;rre;r\, part~cul;trly on basalt-derived soils, rock 

is not as readily available and thus the solution is less pr,~ctic;tl. 

A variation of rock \valls are rock lines (cr~rci(~n.s de pierws), u.hich ;Ire simply piles of rock arranged 

on contour. Unlike rock walls, rock lines ilo not have a f(iunii;xion :lnJ are not carefully racked. 



LONG-TERM EFFECTS OF S O l L  CONSERYAT~ON BARRIERS O N  CROP Y l E L D  O N  A TROPECAL STEEPLAWD 1% H A l T t  

Residue barriers. Rinnpe MILS. ar thev :Ire c;~llerl in Crcvlc. are c rea rd  during iieW p r c p r . m n  h pl .~tw 

crop rrzidut*. and other pl;mt rn;tten:d in icmtcxlr nnn i r r s m  rhc iieU .I. .I turner r,, c r < w n  ( h u q >  5 ) .  
"Irnprovcd" r r d w  Ir.~rricr\ ( nnnF  iL. ~ u l L  tnw;Crir's). tA t .nnd  bV p n i . ~ l l v  h~n - ln~  rhc rrd~n>. h . 1 ~  hvn 

prornotd b\- Je\-elqvnent .wnciei .  .4lthouch r ~ ~ i ~ l u e  b.wrien .Ire ~ x n c w h . ~ r  c t f ~ r ~ \ - c  .II rermnlnr -*I. .C 'TI- 

& n c d  by w n w  wil h ~ i U u y  LhinJ them. thev .Ire tmlv ;I r r n ~ p w . ~ r y  ntclwrc w1ce the\ J t~~mpw \wer rhe 

course ~i the w.wm a11J hiwe I,' h. r t ~ u n ~ t n ~ e ~ ~ ~ l  in r h r  n c x ~  W;IY,II. 5\v.1nwn LV ,d. (IW4b) .4wnd r11.1r ... r m p n n d "  hamen  mxv even c c m r i h ~ r e  I,, r n ~ m  .tnic rhc I ~ x w  x s l  u r d  rc, it,\-er rhc Jnd -rip t i  \ - c v  

etation may IY easily \v:~shcJ oii w t h  the i i n r  GIIII.. They ;,re n c w n h c h ~  p y u h  in W W I ~  a r c h  h~.i.l~rw <* 

the low I ;hr rquirmmcnr. 

Gmss harriers. r o w  are ~xx14on;1lIy plmttd &>ng .I c,mt,wr i,>r the i , r n ~ b n d  pnp~. c*.w>il 

wnxitm and l i v c ~ t c d  i~d. Nnpier ( l i n n i w t ~ n n  plrrplrrctrm\ .and <;u;~tcm.~l.~ LTAII (Tnp.kinn Lmm\ .*re the 

most p p u l a r  s p ~ i c s .  h ~ . l u w  ,~i their .trong \tern>. S u s ~ r  cant. t w v  Iw  u u d  In rh~. rn.lnwr. \i.r~\-cr 

(\>tir& 5:crnioLk.c) h.1. alu, hvn u x d  i t~r  s t d  c<,nsen-.~titul. but IXY,III~. the nzu. ,mW 11.1n-cuttl In xwrh -  

e m  Hai t i  iLr cWnti.d c~il.. Jc\-clopmmt \ndxr\ k ~ v e  hvn wlucr;~nr 1,) pr,un,w II i,r x d  i,uwn.;trttn. 

Htwever. syrtem.rric p lmt ins  t ) i~~~.  nxvz xraw .In cntirc idl i;>r c o n w n . . ~ r ~ m  pup-. I. exrn*nd \  r.w. 

M ~ r e  commonly, :%we\ m.ry be it;mJ ;IS h d c r  yl;lntin:% e>r ;~lk,ng i h p ~ t h . .  

Contour hedwrows. Htdgcnnv> ,i bar-~mnving rrrt., c.pii;~ll) I r t c c ~ w ~ t  L.~mxr'&lL~. are ~ n c ~ . ~ . ~ n c l v  

planrrd i& wil ctmwn..tti<m in c n r p p d  il~U. (phc,n~ 6 .d 7). The r n y  u t x l  .~rc Jnl+ld Inr.3 mhdl h~r-  
rows, resolring in ;~ver.~gc cIcnsitic> t d u p  10 Z0 tcr 30 pl;~nrs p r  nwter (rnt. In u m e  .lrc.t.. hd:~r,w. .arc <-r.~b- 

lishcd in ctmjuncri<m wi th  ;I ccmrt>ur riJgc and J i r i h  .\-,tern or the trtl-..m, utth-J .hl!..wxnr I.) n 4 1 w  h r -  

rien. Rows arc kr-quently ryacrd I Q  n, 12 rn a p n .  I ew ing  wide qucr. i t+ p l . ~n r~ng  q i  n w  cr,p. t;C.t~x/k- 

are I d  at the h:tw oi the h&crcnvs t o  rcinttrrce the barrier eiit'ir iPhllrt, S). L ~ \ - r - r < d  .trc ~ J r m  .dllt\rd I,, 
p z c  the htdgerowi during rhe Jn waxm. c x  the Ic,~rc% .Ire cur .m,l c;~rn'd 1,. i A 1  rhc .~n~rn.~l.. . l i iu -  

mdates h*hind the hcdgerc~u-5. p n n d i n g  .In isre;, ,,i imprttvrtl w x , ~ l  cc,nJ~r~s,n. nnm&.1rr4\ 11pI11ll tr,tnt rhe 

h d g e n w r  (Runnirter .lnJ N%r. lw). but t h r  u p p r  part, the allcv\ iamrlnuc cr.& a d  &m.t.h.. 
.4lrhcwgh t;~rmer\ ,wre ; ~ J v ~ u \ l  16, .~ppl\. the I e ; ~ v r ~  ;a Xrwn inmure when hdccr~m~ were i n r n d t ~ d  b\ 
P.4nF in the ewly I'fSc\, rhiz pr .~ct i ie  \\-;IS u M r m  it~ll,~\d bv t.tmwn (h1. Rmnl.rcr. prxa1.d c~xnn1unti.t- 

rhm. XV3).  
Contour allev c m i n g .  .4lley cn,pping W.I. p n , p ~ d  in 1%' IW a nh&i iwrlrm xd rhe i,mr,xlr Ikd~~2l.n~ 

ryr ten~  h u u w  ~)i the I I ~  n, h:th the ltw in wil iertilin- .tnd nnpr,w. c n y  v~cLl.. Lc~li.irn.~ Ik i l :v r~w~ .~ rc  

pl;mtd 4 r,, 6 rn aran km the iemrtwr. ~ n u c h  ;IS the\- \\-,wlJ in the ccnrcrrr h&vr~w r\-renl. t u r  tn.rcd 

i d i n g  the leaves ro  livesnx-k, the lc;~vc> arc applir-4 the u b i l  .IS LTccn manure CK lnuleh (K.IIIS ir id.. IW41. 

.41thouph not \r-iJcly prxriicd. 11 h;a >inie hvn prswncd by r.4W 11. uw b\ i.~rnren u;~. ,hxunx-nnd in 

znn-r\-5 con,lucrtd ;as carly ;t. 1% (Pierre cr .d.. 1%). F.~nncn wh,, prxrvtd .~l lcv cnyyvnc in xur thcm 

Hair i  r e p m  i m p r t n d  yeUs anJ ICS n~nt, t f t ic~m hill.iJe ( h t t o  9). T h e  . hhy t rm  .ld nhtmrrn.awc ud'.~llc\ 

cropping hhrrlpmw\ by t.1m1c.n in u r ~ r h c m  H.titi u;~s \t~kflcJ b\~ RI\~;I~J (lAV) .~n.l I* r k -  Y I ~ ~ W I  t i  .I tururc 

S~il il;inagenwnt CRSP report. 

Perennial c m  barriers. The  cc>nicpt s d p w n n ~ . ~ l  i r c v  .L> i,+nwn-.trltm k~mcn. J u N r 4  hn~n mow h~ tmn- 

en, ux.% p r c p ~ d  itdlowine <m-f;nnl iun'ev. hv .I r n u l r ~ ~ l t q d ~ n . ~ n  rc.nn, ~Y.IIIW ,d r~~n..trl<n. rhcv h.h! 
wi th  rcspxr the p r tmr i . ~ l  aI,,pr~,m ,,i.dk~ c n q y ~ n g  and r t ~ ~ t ~ ~ w e  bv -.tune t.~rnwP- 1,) I cu~ .n .n~  (S\\:~nvul 

r t  '11.. IW4))n.b). Crop \-.~n- drpnJinc u p m  the wgltm. h l t  m;ly ~ n c l w k  t nw  pn-nnd a w l  L ~ s - t e r m  .mnw 

211.. m c h  11s pli~nt.~in. h;m;~na. n~, r l ;~ t tp  (Xnmthtrumlit). w:+ar cmc,  r ~ n c p p l ~ .  c.ts~v.t. cr i .  Tllc iny i n n i n e  

the h r r i e r  cover ;~n iire.1 at 1c.1.t 1 rn .vrc~. (R.mni.rcr. ?XI \. In .~rc.~. ahcrc 11 11.1. kyn rand Ir 3. rcpuc- 

td tw m t w  rcaJily .\iicrtr+.l th;m xIIe\ cn~ppin:. h ~ r  the pr,wl-l'w ~ i x n l l n c  rn.rrcr~.d .rt n m c  , i t h e  h ~ e h -  

\-alue s p ~ i r s  h;wr pl;~\-nl ;I rc,le in t h i z  prciercnce. Thrw .y.rern. h;we n ~ x  hvn .hhyuarelv tc-.rcd .lid 
apprc~prktre n~nwgernent p m c t i c r ~  have not  h ~ n  \n,rkc\l twr. 

7 



LONG-TERM EFFECTS O F  S O I L  CONSERVATION BARRIERS O N  C R O P  Y IELD ON A TROPICAL  STEEPLAND IN  H A ~ T I  

Support to Soil Consewation by International Assistance Programs 
In Haiti, non-governmental agencies, Inany fundeci hy USAIL), have played a dominant role in agri- 

cultural extension. It is useful to nixe the changing trends with respect to support for soil and water conser- 

vation. 

Phase 1 - Rock Walls 

Rock walls were a popular methml <,f a,il c<)nserv;~ticm trom at lcxt the 1950s through the 1970s 

(Smucker, 2002). Major extension efforts were supported with F<>isl f i r  Work programs funileil hy USAII). 

An example of successfi~l prngrams in which use of rock w;~lls fc~r soil anJ \rater conserKition has hecome a 

sustained component of the farming practices may he seen in the area of F ~ x t  Jacques in the mountains south 

of Port-au-Prince. There. Food for Wcrk was utili:ed by rural dcve l~~p~nen t  programs operated hy Church 

World Sen,ice/Service ChrGtien d'Haiti and other grc~ups to iuhsiilix rock wall construction in the 1960s 

and early 1970s. Thirty years after the program was suspended, nxk  wall terraces are an integral part ot the 

rural landscape. Although not fully implemented in all cropped CielLk, n ~ c k  wnlls cover a majority of cn~ppeci 

fields and are maintained as needed. 

Another location where rock walls were successfully intrtduceii was at Haut Cap Rouge, near Jacmel, 

where "a major portion of several w;ltt.rsheds were covered with a c~~mhination <>f rock walls, vegetative strips 

and fruit trees" (Villanueva, 1 9  p 16). This was ;~chieveJ a.ith support from the Agricultural 

Development Support I1 Project of USAID. It is not clear whether p;iymcnt was m ~ d e  to hrmers ti1 con- 

struct the walls. A visit hy I>r. Villanueva to Haut Cap Rouge in I991 i~mfi rn~ed that fanners continued to 

maintain these rock walls. 

Despite these successes in the promotion of rock walls for soil and water conservation, the widely-held 

view by Haitian agnmomists ; ~ n d  many expatriate development \\,<,rkcrs is that farmers urill ccmsrruct n ~ c k  

walls when encouraged or paid hy pnjects to d c  so, hut once the project has left the area, the practice is 

abandoned (Pierre-Marie Basquiat, pcnonal communication, 1998). A study on the ;&~ption and mainte- 

nance of rock walls hy farmers in rhc Fort Jacques area a.as conilucreil hy Raywd (2000) and is the suhject of 

a future Soil Management CRSP report. 

Phase 2 - Tree Planting 

4 n  assiimption commonly held hy the Haitian public ancl hy expatri.1te development workers alike is 

that excessive soil erosion in Haiti was caused hy cutting down the trees. Therefc~re, the solution to cmn- 

hating soil ernsinn is to plant trees. This simplistic relationship seems t ~ )  have driven the creation of cmn- 

munity-hased tree planting projects in the 1980s. The AgmkwstrY Ontrcach and Agmfores t~  11 Projects. 

funded hy USAID, distributed more than 63 million trees hetween 1981 and 1991 for planting hy individ- 

ual farmers on  their land (Smuckcr and Xmyan, 1995). Part of the success of these projects lies in the fact 

that trees were promoted as a cash crop, rather than strictly fir their envinxxnental benefits (M. Rannisrer, 

Fersonal communication 2003). In these social forestry projects, trees were not planted in forest plots, hut in 

tence rows and scattered across fields planted to annual cnlps. Recent experience in Honduras suggests that 

this is a gmd means tu protect the soil against landslides. H<)wevcr, it Aws little to protect the soil a~ains t  

surface runoff, since the soil smface is cleared and tilled for cnlp pnduction and indi\idually spaced trees 

provide little harrier to slow runoff ;md halt soil erosion. 

The fallacy in the commonly held views on soil erosion and environmental degradation is that the tree 

cutting itself is not the major cause of environmental degradation in Haiti. Under norm:~l logging conditions, 

when trees are cut, undergrowth vegetation and new tree seedlings quickl\- reestahlish m ~ r ~ n i i  cover a d  n;rt- 

ural succession leads to reestahlishrnent of ;I forest canopy. Alrhough thcre would he a relatively shcm peri- 

od during which some surface erosion may occur locally h e h c  vegetative cover is reestablished, tree cutting 

cannot explain the barrenness of many hillsides, exp~niling gullies, anii increasing flooding danger now expe- 
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LONG-TERM EFFECTS OF SOlL CONSERVATION B A R R I E R S  ON CROP YIELD ON A TROPICAL STEEPLAND IN H A I T I  

semi-arid Icration and the suh-humiJ li>cati(ins with "insecure" r;~infi~ll, the trends were more often ncjiative. 

The lack of increased yields with soil consenmion practices \GI\ :~trrilwteil in hrge measure ui losb of pm- 

ductivc area due to the area occupie~l hy conservati~)n strucrure mii topsoil erosion below the cmser\;~tim~ 

structures. In the case of f a i y  juu, where the a ~ i l  from the canals is t h n w n  onto ridges up-sli~pr trom the 

canals, reduced pn~dustivity was alx, ;tttrihuted ti1 the dcpositiirn c ~ t  less fertile suhsoil 1iver tcipstiil. Un~ler  

slme conditions, ailditional area w;1s l o h r  ;~hiive c<~nserv,~tion srrurrllres iluc t o  water logging. 

Ry contrast, Yohannes (1992) replirteii 15-47% higher I-r;~rlq \ i&ls in tields where Fanya juu was prac- 

ticed than in fields with the traditimd practice, consisting c ~ f  ilirches to evacuate excess water. Barley yields 

were also 31% higher infanpu juu fields compared to fields wirh level hunils. Within fanya jutc fields, yielils 

were highest ahove the hunds and lowest i~n~neiliately behiw Iwnds. Nevertheless filrmers wcre rcsistmt to 

adopting fanyu juu technology as pr~rnii~ted, hecause of the loss i~fcr,ipping ;lrea, insufficient turning ;Ire1 

when plowing with oxen, and concern 1wer en~sion-risk (if the h i n i ~ g t .  wirerways. 

Losses in up to 32% of cropping area wcre reported on slcqw of 20-50% in Indonesia due to hench 

terraces on steep slopes, without compensating yield incre;~ses ~ I I C  to the conser\.ation practice (Siehcrr anil 

Belsky, 1990). In temperate central United Srates, m:~ire on level rerraccs were Liiwer in eachofscven 

years, compared to yields on unterracrd watersheds (Spomcr ct al., 1973). This lower yield was attrihuteJ 

to a reduction in cnipping area. The authors conclude~l that rhere \\.;IS n c  economic benefit in the short 

term, when considering only on-site costs and benetits. Hmvever, thev did report that the terrace~l fields 

hecame smoother anil easier to $arm over time, whereas the unterr;~ceil fields hecame more difficult to farm 

over time hecause c>fgullying in the field. This suggests that <>ver thc h~rrg-term, the ctmservation practices 

would he economically beneficial. 

In an alley cropping system in which leucaena hecigemws occupieil 25'K [if the land area, O'Sullivan 

(1995) reported higher maize )-iel~ls wirh alley cnipping than without when no fertilizer was applied, hut no 

substantial yield henefit when fertilizer was appliecl. By contrast, Shannon et al. (1994) ohrained similar yield 

increases from alley cropping with leucaena rejiardless of presence or ahsence of fertilizer. Kang and 

Akinnifesi (2000) showed higher m1ile yields, averaged over 12  years, when alley cropped than when stile 

cropped, refi~rdess of whether fertilirer u.15 applied. By contrast, met do:;^ Girrales and Cassel (2002) did 

not record a benefit in yield of maize or hem due to alley cropping with gliricidia heJgcnws over six years. 

Comparisons of Various Soil Consemation Practices 
C<imp"rixms between mechanic;1l h;~rriers mil hi<ikigical hxriers t<ir their effectiveness against enision 

are not bountiful in the literature (Siehert anil Belsky, 1990). In ;I c<~rnp;~riscin of several conservation prac- 

tices in East Africa, grass niws had a low lahor requirement, while f a n y  jicu required the most lahor (Herwig 

and Ludi, 1999). The grass also drained hetter than the contour canal systems tested. The grass harriers 

appeared to retain similar amounts (if soils as t h e k h e r  contour c ;~n ;~ l  systems, alrhiiugh runoff tended in mi~st 

locations to he slightly higher than with the mechanical harriers. Howe\.er, gnss harriers reduced crop yields 

relative to the traditional practice in four locations and only increased yielils in two locations. Nevertheless. 

there seemed to he nil strong trend with respect to its impact on crop yields relative to the contour canal sys- 

tems. 

On a 35'%vslope in Indonesia, the  arc;^ amilahle for pnducrion of peanuts was reduced hy 32'%1 hy 

hench terraces, hy 17% by grass hunds, and hy 101%) hy grass plus Gliricidiii hunds (Siehert and Belsky, 1990). 

Grass harriers were at least as effective as hench terraces . ~ t  reducing soil lms. 

Garrity and Mercado (1994) repiirtcJ that grass harriers of Pcnnirctrrm purpureum reduced maize yield 

hy 86% in the second year iif a trial on  a 15% slope. This \%IS artrihutcd to removal of nutrients in rhe har- 

vested prunings and competition f i r  \wter. Higher inaize yields were attainc~l hy alley cropping hedgerows of 



LIIW s p ~ d i l k  (;firic~~Li W~IIIII. .A:w st ,I[. ( I W b )  r e p m d  h t  IIIAIX vicIJ- w ~ t h  Pmtuwn~rn papr.-u~n ..- were 26% o i  the conrnd \-ir.U> ;inJ rice v~eU, were 79% ,,i the c,mrr,d. c ,mp ;~ rd  I,) I;1% .~id - > i"'~l. R-Y- 

t i d y .   OF rlirici,li;t h~dc.nwi. b u r  \ - e m  .liter r r r r  .~nd :TL- r o w  were ~ ~ t . i h l ~ . h d  ..\.U~t~,ui ,i &' L1l.)r7.am. 

(kcO) N h.1.' hid nt) e t k r  on rice :p)un wirh I'mniwrrrm ml ,~nl\ .I *m;111 e l l c ~ r  (n ~I.II:C :T*WI uith t h ~ .  

 CIS. The  ; lurh~\b ,Id ns>t .tpply the  TI, cliypin:n. 1,) rhc, ;illr\-5. 

.Alley cropping o n  l a rd  :TILI~.I C.i-C.5% h.d %'% ILW S,MI It-. dim th.it ,k~rw.l wi th  rl<w:h i.trn1- 

ing iDharm;~wn;r. 19%). c;r.iJrd b u d  i x m i n g  mJ >trip-mulch t;irnunr \\-A \tuiirtw wrhi r ~ \ l t w d  -.iI bb. 
by 3 3% anJ <WL, rrsrecti\.ely. 

AUey Cropping mul Sustaining Crop Yild  
.Alley croppin!: has hm c l i t x r - n  r,, \r.d~ill:e crtrp ~ c l J .  swer t ~ m e  (Kmg.  IWi:  .Aih<xi ~li  .d.. I W l  . l t d  

to inc rc iw  yield> g ~ t i  ~ l e ~ . & l  ( . A i h t ~ ~  d. IW; SIi.~nn,m <I d..  IW!. Rlce sielJ. ,h~Iin~d ,ner i t u r  

\ - e m  m contr<d plots \virh<wr terrili:er . ippItc.~t~tm birr inc-rc.ix11 qwcr ri le \tmc yc r i td  In ~-6mtgm1r ,11le\ ( r ~ p  

p i n  I t  i t  I i r i i i J i a  l i lgercn\-s (.Apir st cd.. IskNI.). K ' l rh  i en~ l i r c r  .ipplic.~rsrn. rhcn. \\en. ~kl . i t~er -  

enit? in nce :ieblz hmvr-vn the n(4wnir.r cc>nrr<,l ,mJ .uIIe\ cnyy.ing pL.r. w ~ r h  r1ini1~l1.a Ld:~r..\r, .u 

m i d  barrier\ s l i r~cdi. i  \ \ - i t  w h e r  ,,i rhe :T.IW., l ' on~~wnnn ppmiinn qrr l'mpd~nn icmpartmn. U ' l th  

maire. the \-iclJ trenJ w z  i~mswtent ly  in t,lv,,r d htchcr \-~cl i l*  i 5 x  c,mr.xrr .11Ie\ i r q w l n e  n i r h  c l t n i r l i . ~  

h&er~ws, bur rhc ~ I i t&wnce w r h  rhc c~>nrrol  W.I. .I~II~ILIIII in one x..~-w ~ t t h  t cn thx r  . ~ w l  t11 T W ~  %..I. 

imr without i&li:er. ScUs  h ~ \ v e e n  h~dynnr-. iamr.linlne ~'~IIIS~IIIIII w r c  eener.~II\ l . ~ \ e r  tl1.111 hwlwl 

w n w s .  :lirici&~ h ~ d ~  



LONG-TERM EFFECTS OF SOIL CONSERVATION BARRIERS ON CROP Y I E L D  ON 4 TROPICAL STEEPLAND IN H A I T I  

@ass Barriers 
C ~ S S  harriers, nearly abaniloneJ as a conservation pracrice in the United States with the a\,ailahil- 

ity of bulldozers to quickly establish tcrraccs, are the subject of reneweil interest, due to their lower cost. 

and their ability ti> promote infiltration of surface water, rather than c\.;lcunring it. Grnss harriers c<incen- 

tratcd flows, thereby trapping sediment and reducing the chance ( i t  hilure during large rnins, cornp;~red ti1 

earthen structures (Kemper et ul., 1992). Coarse-stemmed vctiwr (L'etiwra :i:aiioides) and switchgrass 

(Punicum virptum) were effective at trapping scdiment hehind them, whereas finer stemmed grasses 

(Miscanthus sinensis and Festucu urundinacae) were less effective (Meyer et al., 199;). This occurred pri- 

marily due to ponding. The finer grasses either were over-rqipcd hy the water or parted, ;dlowing the \rater 

to pass through. 

Barriers containing Pennisetum did nt>t generally have ;I beneficial effect on yield, and harriers con- 

sisting uniquely of Prnnisetum depressed yielils of maize and rice (Agus et al.. 1999b). Agus et ul., (1999a) 

attributed this to depletion of soil m;tgnesium (Mg), potassium ( K ) ,  c;dcium (Ca),  and phosphorus (P) hy 

removal uf grass prunings from the plot. Soil nutrient s t a t ~ ~ s  rcm,rineJ unchanged in alley cnipping plots 

with gliricidia. Sarnsuzzaman et ul. (1999) reported a ciepreskm in crop yielcl in associ;ltion with 

Pennisetum and a more rapid depletion of organic C, N, and P when c [ ~ ~ u ~ ~ r e i l  to alley cropping with Scnnu 

siamm or Gliricidia sepium. O n  a 40'?;~ slcipe, harriers of elephant grass (Pennisetum purpureum) and imperi- 

al grass (Axonopus escarpurias) reduced cassava yields hy 77%) ;mil 26%, respectively (Howeler, 1991). 

Elephant grass and vetiver (Vetiwra :i:unioidrs) harriers reduced cassaw yields at four sites in Cnlomhia 

(Leihner et ul., 1996), with greatest yield reductions usua11y ohscrvd with elephant grass. 

Rock Walls 
In a study of existing 10-year ,1111 rock walls in h m e r s '  fielilc c<~mp;treil with adjacent cropping areas 

without rock walls, Toness et ul. (1998) reported a reductim in runoff from 5.4% of total rainfall to  2.1'%,. 
Because sediment had collected tr, the top [if the nick walls, there \ws not a significant difference in soil 

loss, which averaged 1.66 ME h a 1 .  

Objectiwes 
4 s  our literature review has s h m q  the effects (in crop yields of soil conservation harriers on steep 

slopes has not been adequ;ltely stuilied, ;mcl the results avuil;lble 1 1 ~ 1  nor ciinsistently show higher crop 

yields with the aduption of these conser\wion practices. This is .In important issue hecause farmers are 

often assumed to he lazy or irrespmsihle for not adopting conserv;~ricin practices that u ~ i u l ~ l  "c>h\~iously" 

he hmeticial to them, and development agencies are often assigned hli~me fcir achieving poor adoption 

of conservation practices hy farmcrs. If, however, adopticin ,,i conservirti~m practices does not suhstm- 

tially increase crop yields in the short or medium term, then 61rrnerh' failure t1i adlipt might he m ( w  

understandable, even if undesirable in the long run. Secondly, if the ccirn<imic returns frcm installarim 

of cconsewarion barriers do not c<>mpensate farmers for the install;1ti<>n and rnaintenance clists, this 

needs nl be taken into consideration in thc extension strategy ;~chrpreJ hy developmmt agencies. In 

deigning this research, we wanted to know how alley cnipping hetween tree harriers compared to the 

more traditional conservation barriers used in Haiti in terms id long-term crop yields. Our hypothesis 

was that alley cnipping (hetween leucaenia harriers), which is a system &signed to sustain crop yields 

through recycling of plant nutrients mil  additions iif~irganic lnattcr am1 N, would sustain crop yields at 

a higher level than rock walls, contour canals, or grass rows. Secon~lly, we hypothesized that addition of 

a m d e s t  fertilizer would result in adiliticind benefits. 



DESCRIPTION OF E X P E R I M E N T  

The trial wiu conJuctr\l at R,is Grefin. I'tmier. ;ippr~nim;ttclv i kiL~rnetcr\ ikm\ et.t # $  Pi-trn \.rile. 
.Annual r.~int.ill r t x x d d  rnvr an eight-\-ear-pric J : i v e r . ~ ~ d  I ,%IS  niilltnwter\ iniml. ut th .I rm:r oi ql'. 
1.81 1 rnm. The rainidl pattern is bim~d.l;il, \vith ciin> kxiurnng l n w ~  1.1rc FChnt.in unrtl z.d\ IUIW . , id  tnwn 

.%uflist thnwgh Ncmmlur. The  re.^ u.;I*,ns ;Ire wy;tr .~td h II .Ii<m Jn  -11 trom nliJ ,lime I,, m J  .-\u_u.r 

imd a longer ,In. w.wm lastin: fn~11 l ~ e  Nt,vemlur 1,) mid Febn~.~y.  Tht. r.~inl;tll , I~ - rnk~r~<m pt rern  p r -  

mils mc> m.iire i n b p  a \-ex. Rwxl uptn ;lvcraze c~intill .  the ~e mi\- h. itm.ldcr~\f ~nrcnn&irr in term. ,*' 
the rmge in nint.~ll iGdit~q,n> \virhin which . t l h  in>pping i .  cxp i t t t l  t c x  rr.wriccxl in tl;ur~. Iicwe\rr. 

due to the emitii n m m  (xi ~ ~ i n i d l .  the ~hiillcw x d  with I,w wxer ~.t~>r.agc C.I~.WJIY. .I .twp , I m p .  xd h,q. 

d ~ i n g  winds, the site \v.ii much more Jrcwght-prime t h m  \ v s d I  h. .11~q~.td bv .innu.~l r.untA I.M.II\. 
Farmers in the ;lrw 1x.d ;ib:in&md n1.1ix prtducrton itrr u&tim sir trn?r.~rcd vtxvrablr i n y .  ,- -. 

The elevation is nhwt Zk' m ahwe  wa level ; ~ n d  the nwm ,inn~i;rl temp-r.iturc I- - I . > -  (>~II:T& 

(0. The wil is a iine. mixc~l ix>hyprrhennii Lithic Eutr,qwpr (C;uthricr.t d. IWS) ,>vcr 11nw.rrriw hxlrcxL. 

It has a dark bnwn  :~w,l\-rllv il;ty lcnm suri.~ce h,~ri:tm with ;I pH t i  S.0 rrwr .I &&v rrrl i1.n R h,rn:,m. I \ph 
tt) h d n d  \.;vim hut ir xenec~lly .hallow. The w c  l i ~ \  ;I ncmli-i:r~ng . I t p  ,i i - 3 ~ Y . .  PWi.\t.rlnr: . t ~ w  - \\.ails r t w l t d  in rerr.ice with s1~1yc.s I I -21% ;I[ the s t m  <>i the ~ ~ x p r i n i e ~ i r .  Thrw ..1,p- ?mcr.rh nk \k rm 

e.1 over time. k ~ r - ; ~ u u '  '$.*d rel,xiiti,m within plots. 

h r i n g  the I;isr rhrc*. years prit,r to cwtbl141ing the tri.11. r.lmtt iIXuwa sirnulzb . ~ n l  l ~ m a  k a n  

( P l u ~ w h s  1111ums) were plilnrd in the u.ct,nJ swum i;,lltwnz .I p.tmn. t.ilh,\v In t ~ v t  -.I-m. In pner w:ir\. 

m.ti:e (>a mcs), s).c;lwv.~ (Aftnuhot r.xirL~lr~il), . ~ n d  pixxtm p a  ((;Y.n~la i.*rn) wcrc pl.~nrt\l in the I I ~ I  r.41n1~ 

x.h)n,  t d o w ~ d  by i a m w  m,l i\vt*.t pt.ltu ( IpnWt~ h a ~ b u )  111 rhc u ~ o n J  u..~.m 
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Experimental Design 
The experimental design was a randomized complete block \vith three replications. The consenmion 

harrier treatments were: 1.) contr,,l \vithout structure; 2.) cont<x~r c;1n:11; 3.) alley cropping with hedgerows 

of leucaena (laucaena Lrucocrphala), hereafter called "tree alone"; 4.) alley cropping with rows of Panicum 

maximum, hereafter called "gcass rc,\~s": 5.) hedgenws of leuc;acn,a ;rnd P. maximum, hcrwfter called "tree anil 

grass"; 6.) rock or stone wall; and 7.) ;illey cropping with leuc;rcn;l mil fertilizer, herrafter calleJ "tree and 

fertilizer." 

Establishment of Conservation Structures 
Land preparation in plots with leucaena hedgenws w;rs cxrrieil out in the first two weeks ( i t  May 

1991. A width of ahout 30 crn was ilccp-hoed with a pick ;anJ IeveleJ with a rake. L, Lr~icocrphda x~riety 

K8 was planteJ for tree  hedgerow^ on  M;ty 16, 1991. Seeds were sc;rrifie~l by cutting the rounded end with 

a razor blade. Four seeds were planteil per hill at ;r spacing (>t  0.1 m within rows. Seedlings were thinneil 

to one per hill at apprt,xim:rtely six weeks aftcr planting. Rccnuse of &-ought following planting, hanil irri- 

gation was appl id  on June 17 and 25,  1991, 2.5 liters per meter run. to ensure survival of the sceillings 

until the next rainy season. 

Panicum maximum grass was plmteil 4 m apart on contour in Septemher 1991 foll<iwing iicep tillage 

as described ahove. Stem cuttings of ;approxim:~tely 15  cm long \\.it11 two or three nodes were planted at a 

20-cm spacing within row. Where leucaena WAS planted together with grass, the grass rows acre located 

25 cm downhill from the leucaen;~ hedgerows. 

The stone n.alls were laid out in conrwr  in Septemher 1991. Furrows were dug approxim:ately I 5  cm 

deep to form ;I foundation, and the walls were constructeJ tc, ;I hcicht of approximately 25 cin ahovc the 

soil level at a width of approximately 30 cm. N o  mortar was u d ,  ; ~ n d  the structure's strength was achieved 

hy careful positioning of the nxks mil giving a hack-tilt of the structure t o  counter the effects of gravity. 

The walls were built up over time to keep up with soil :iccumulation hehlnd the walls. 

The contour c;rnals were established in mid-March 1993 ;after thr first soil preparation prior to plant- 

ing maize. Furrows of 30 cm in \viilth ( 1  5 cm up and down <){ the corresponding line of hedgerow) were 

dug to ;I depth of approximately 25 cm. The soil from each canal was spread on hoth sides of the c:md at 

the start of the first cropping seas,n. In suhsrqurnt cropping se;~cons, the soil trom the central and Iclwer 
can. a 1 -  5 \\,15 ., . redistributed respectively in the upper and lower p r t s  i i i  the plot. Maize residues were placed 

into the canals. The c;lnals were m;rintaineil in the same pi~sitions until Season 14, after which the posi- 

tions of the canals were nitated in the plots seasonally in order t~ spread the henefits of crop rcsiilues 

throughout the plots. 

Hedgerow and Grass Management 
The leucaena hedgerows were ;~pproxim;lrrly 2 2  mcxuhs 111~1 at the start of the experiment. Hcilgerows 

were pruned to a 50-cm height, heginning ;ippn~ximately ten i l ; r y  hrfixe the first nvaize seeding. The prm-  

ings were applied as mulch in the inter-hedgerow spacings, or ;dlcvz. The first pmning took phcc het\veen 

March 1 1  and March 17. 1993, on leucaena hedgenws of approximately 4 m in height. In srrhseq~~enr crop- 

ping seasons, the first pruning \ws male a few days prior to plmtin:. maize. lhr ing the first t \ w  seasons, one 

more pruning was carried out 35 d a y  later. Three pnlnings per season were c;arried out during later seasons, 

with target intenz;lls (d 0, 30, and 60 days aftcr planting of mlize. The unpredictahility of rainfall and the 

demands of other trials made it difficult to adhere strictly that schedule, especially at planting time (see 

appendix tahles A l  ;mil A2)). Timing ~ r f  the third pruning often comcided with or slightly preceded silking 

hv the maize. 
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The ~T.I&- w.1 pnnneJ ;tt :~t,unJ level .at rach cut ;lnJ the 1.nlnln:- u-cre . ~ p p l d  .i. mulch t . ~  the U U I  
sinri,rce. Ihnring each cn,pping Ic.lsm. the tint pruning rtxk p l . 1 ~ ~  .ippr~~zirn.~relv ctnc J.I\ pn~w 1.1 +nt- 

ing nvaix The pruning trequenc\- uuel Ltr :g-.~\. - ~ Y I C .  \r.i. 111~. ..1111c .I. 111.11 11w-J t,>r ICt(i.n.n.~ Ilr-J~vr~w.. 

imwn p~. u-ere c > \ ~ e n A i ~ d  i l  .L< C t s w  JIT n1atter , lc*teniii~~:~t~c~t~. .-\n.~lv.~- , a t  v.lrl.mie n.1. c ~ l c d ~ r d  
tor the t t m l  cur. m:iJe Jurin: c.1~11 crc,pping u..lim wine rhc St~~tilri.t~i.lI .-\n.llw. 5v.tc.m (S.45l. 

Maize Crop 

Inirisl start <,i cropping \v:ls to h:ive t y u n  in Xl;lrih 1 9 9 2 .  b11t w.1, Jcl.~\-d i,,r <rnc v r m  h*aou. pr,q- 

canal tremnenrs were rcJurr4 trtm iive t,, i , ~ r .  The pmlrl~m c , i  rhc c.ln.11 \\-.I- .iL, n w . d  w.~um.~ll\ an 
d e r  tt, sp red  the hmeiits it,m the r e d u e i  in the c;~n.ll. .lrtwnJ rhc plam. 

K'eeJs were c~~ntr td lcJ  by mexm c > i  ~ i ~ ~ i h c t e ~ .  L!p t u o  \ w d i n ~ *  \wrc. <.~rrie.I SYII w r  WA-W 

JepenJing u p m  the \ved  prcwnre. In w.iuw. .,i ctrt.tnr Jrtwrltr. a>nh ,me \ \ w J ~ n c  u.1. c.trncJ cwr. 

Xl.iize \\.;I\ p w n  J u r i n ~  w,w.m .-\ ;mJ u.*..lr>n R. 
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Figure 1. Schematic diagram showing plot layout and relative positions of conservation barriers (solid 
lines) and maize rows (dotted lines). 

RESULTS AND DISCUSSION 

. 

, 

Rainfall Conditions and Crop Yield 
Yields fluctuated greatly hetween seasons, largely owin: to scrsmal differences in total rainfall and 

rainfall distribution (Figure 2). Se;rsms 15-17 are omitted from this ;lnd subsequent figures because of 

changes in fertility management, hut yield data are presente~i in Appendix Tahle A3. C m p l e t e  crop loss 

due to drought occurred in seasons 8, 9, and 15. Although tornl raintill for the site averaged 1,318 mm, 

the shallow soil depth, steep slope, high cvapo-transpiration, and erratic rainfall distrihurion comhine to 

make this a highly drought-prone site. 

A n  assessment of daily raintall rrciirds reveal that iln~ufiht mess was experienced in all seasons. 

Seasons 2,4, 10, 12, and prohahly 14 were characterized by insufficient rainfall daring the critically impor- 

tant tasseling period (Figurc A.2). With the exception of Senson 2, which henefite~l from res i i l~d  soil fer- 

tility, these seasons were characrer id  hy yields under 1 metric tonnc pcr hectare (Figure 2). I h u g h t  dur- 

ing silking may explain the low :nrer:lgr yields in Season 6, altho~~g$ rainkrll also appeared to hc inade- 

quate during silking in seasons 7 and 13, seasons which had relati\.ely higher average yields. Highest yields 

were recorded in seasons 1, 7, 11, and 13. Rainfall appearcd to he inadequate during grain filling in sea- 

sons l ,  7, and I l ,  hut appeared to hc adequate during the critically important period of tasseling. 

Yield Responses to Conservation Practices 
Yields tested significant in all Iwt Season 5, which had Jron:.ht episodes in the vegetati\,e srage, at tas- 

seling, and again during late grain fill, and Season 6, which h;d clnwght during the late vegetative stage ;and 

during grain fill (Tlhle A.3). In se:~siins 8, 9, and 1 5  no test was possihlc due to total crop failure. Highest 

yields in the first season were r eco rk l  for the stone wall, control treatment without consewation practicrs, 
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LONG-TERM EFFECTS O F  S O l L  CONSERVATION B A R R I E R S  O N  CROP Y I E L D  O N  A TROP~CAL STEEPLAND IN H A I T I  

Photo 5.  Residue barriers (rmnpes poilks). 
Note stakes in ground to hold harrier. Most 
residue harriers are not this tall or elahorate. 
Nan Paul. Northwest Haiti. 
Photo 6. This farmer in Bannate, Southern 
Haiti, practices contour a l l q  cropping with 
hedgerows of k u r a e ~  kucocephda. Prunings 
are applied to the soil and fed to livestock. 

Photo 7. Hedgerows of Lrucaena kucocephda 
a t  Rannatr, Southern Haiti. 

Photo 8. Branches are ~ laccd  at the hase of the 
hcdgcmws on the uphill side in order to rein- 
force the harrier. Pernicr, Haiti. 
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LONG-TERM EFFECTS O F  S 0 1 L  C O N S E R V A T I O N  B A R R I E R S  O N  C R O P  Y I E L D  ON A TROPICAL STEEPLAND I N  H A I T I  

The cffmts of conservation barriers on maire after 
17 arasona continuous cropping. All plots shown 
received no fertilizer during the first 14 srasuns 
and a low rate of phosphorus during seasons 15- 
17. Trratrncnts arc: 
Photo 13. Lrucaena tree barriers (alley cropping). 
Photo 14. No harrier control. 
Photo 1 5 .  Grass harrier, 
Photo 16. Rock wall barrier. 
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Figure 2. Maize yields under various soil consenation practices over I4 seasons. Pernier. Haiti. 
1993- 1999. 
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Comparing the t&r types (it conservati~m harriers \vith<>ut fertili:er, tree hedgerows managed t k  
alley cropping provided a suhstantial yield henefit in three seawms, rock walls and cmtour canals in one 

season, whereas grass, also managed tor alley cnipping, never out-yielJeJ the no-harrier c o n t r d  In Season 

12, the control treatment gave higher maize yiclJs than any [if rlw turrier treatments. The cmtrtd ;~lso 

out-yielded alley cropping with tree harriers during the first three swstxx. The fertilized alley cropping 

treatment, not shown, out-yielded the control in all hut the first twc~ seasons. 

Alley cropping with tree and grass, also not shown in Figure 2 ,  gave similar results to that shown 

for tree alone (Figure 2) .  In the initial seasons, there was a slighr a~~\~:ni tage over tree alone ilue to ;lddi- 

tional hiomass provided hy the grass, hut this ail\-ant;igr dimin~sheJ as vigorous gniwth hy the leucaen- 

hedgerows suppressed growth of the I'anicum inasiinum rows. 

Average Yield Over 14 Seasons 
In order to further simplify the data presented in figures 2 ancl 3, Incan maize yields acniss all seasons 

were computed for each treatment (rear bars in Figure 4). Whcn ;weraged over all 14 seasons, including the 

two seasons in which no grain was harvested, only the treatment recei\,ing fertilizer gave higher maize yields 

than the control. No yield advan t :~~e  w x  shown for rock walls or ccmtnur c;~nals, while tree or grass harri- 

ers managed for alley cropping gave, on average, lower yields than the control. I t  thus appears from this 

analysis that farmers will have no economic incentive ti, apply any (if the soil conservation practices on 

similar sites. However several factors must he considered. Firstly, rhr first rn;~ize cnip fdlowe~l a hllow peri- 

Maize Yield as Percent 
of Control 

150 

Tree 

Seasons 

Rock Wall Canal 

Conservation Barrier 

Grass 

L 
Figure 3. Yield of maize with different soil conservation barrierb, expressed as percentage of no-harrier control 
trearment. Tree hedgerows and grass harriers were managed for alley cropping. Pernier, Haiti. 1992-1999. 
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r d  of ncr;~rly two ywrs. Juring which the p r i m d y  gras vegetation was ~ll~,\wJ t o  s*t\\- wi th  wrx I l tr ie JI.- 
turb:u~e by livesr,& T h i 5  is atypical ,,i H a i r i m  ; ~ ~ ~ i c u l t u r . d  pr.~ct~cr.. where "iilb~." are \-en- hc.~\-~lv 

gr;rd, oirm t o  u-irhin centimeters s ~ i  the *>il \uri.~ce. thur pr tnd~nc irrrle ,qp>nunl rv  i.,r l v ~ ~ l J u r  oiorstn- 

ic matter and nutrients in rhe i d  \uri.lce. Thls  is aln, rvyic;~l d c t ~ n J ~ t ~ t m >  113 m m v  trrhcr &n<l\ pyw- 

l a t d  tropical steeplands Thu. the h igh yielJ i  r c c t d t d  it;, ct~ntrcd. r , d  \\;dl. .rnJ ccmr,wr canal rrctrnwnr. 

c i u r i n ~  the i i n r  tu-,I w m m s  r e t l r ~ t ,  in pin, u>il i e n ~ l i r y  ctmJititm\ rh.~t \\-~NIIJ not lv rcrrcxnr.m\c. ,* the 

n<xm:rl ih cmJir i .~ns unJer which *>il c<~nwc.n.aticm mwnir~- \\ouIJ h. or.~bl~.hcJ. .Air*. Irx.tu< thc 

tree hcAl:enn\-s were ne;~rly twc> y w n  (,Id :It the run ,i n ~ a i x  c r t y r i n r .  thev pr,n.~,h-J rn'w c,vnp-rlrl<m 

than woulJ k nomd \ ~ - i r I t ~ ~ u t  the kneiit\ ,~i ;I builJup in i e n l l w  ;IXWKI.IICJ w r h  the t r w - h d  i t r l r r -  

ra t ion  harriers. Ry elirnin,~ting i rom c<~nde r .~ t i c i n  the i i n r  tw, ~r;run., u.hlch b1.s rhc ~ u l l r \  ;~q~n.t the 

rree barrien. the tree barriers withtwt i c n i l l x r  g ~ v e  ..lidtrlv h ighrr  ntc;~tt v~c lJ>  rh.m rhe c~rhcr i~*~w.n-.~- 

t ion bilniers anrl nc&wrier scmrol  (ironr nr\v ~ r i  h m  in F i g r e  4). Thc r c ~ k  rr;~ll trz,trmcnt m\r .I t n c m  

yielJ similar ttr the ccmtrnl tre;~rment ;tnd higher r h m  the :%I- .tnJ c t m t ~ r t r  c.tn.d b.tmer\. 

How drought influenced barrier effects on yields 
O n e  ot the Jeiining char.tcterisric~ ,)i the Pemier .~te In term* ,dpl;~nt w w r h  I. the h~Jt p r ~ h ~ b ~ l ~ r v  

,,i Jroughr stre%< wirh in  rhc crowing wil~m. This ii r c t l c c td  in the I,w n w x  d J r .  In Cmly L w r  x..L..~> 

JiJ treiltrncnt nwln yielJ> >ur(l.rs I.iCV kg  ha '. while during .is w.~*,n.. n,) rremnettr . r r r . ~ ~ n d  1.AT Le 
ha.' (Fiplre 2 ) .  T\n, td thest s t ; t r m s  r ep rewn td  rlml cntp hiiurC\. An ex;lnlln.lrl~w ~ r i  rm rmen r  \-1cl.1. 

Maize Yield (kglha) 
I 

Figure 4. Maire yields averages over I4 and I Z seasons for conwn-ation harriers cmsisting of trees u i r h  f e d -  
irer applied to the cmp (T/F/F). trees and gras (TK;). trees, mkwal ls.  canals. -. a d  &rrier ZIVII~J. 
Biomass from trees and grass were applied to allevs. Pemier. Haiti. 1 9 9 3 - I W .  
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averaged over the hest and worst seasons presents ;I difiercnt picture with respect to treatment effects 

(Figure 5). Seasons I and 2 were eliminated from the ;~ssessment ttv the reasons descrihed previm~sly. 

Seasons 3 ,  5, and 14 were considered intermediate an2 <~rnirreil. During the six se;lsons for which drought 

stress was the most limiting, especially during tasseling, alley cropping hetween tree harriers gave yields 

equivalent to that of the control anil rock wall treatments. ;and ;1pp,1rentl~ superior to the grass and canal 

harriers. If Season 14, which had ilrnught towards the end of tasseling ; I I ~  generally poor rainfall (Figure 

AZ), is included among the worst seasons, then alley cropping ;averages 5 %  higher than the contrnl and 

32% higher than the rock-wall treatment. In the scasons in which rainfall was least limiting, the tree bar- 

riers were clearly superior to rock, canal, or grass harriers, as well ;IS to no harriers. Hence, at sites less 

drought prone than Pernier, an outcome favorable to tree harriers m;Iy hc expected on a more frequent hasis. 

Addition ofa  moderate dose of fertilizer to the maize increaseit mai;c yields hy 63% in the hest seasnns and 

hy 49% during droughty seasons, ;~lthough the latter incrrasc wa5 insignifi~mt in ahsolute terms. 

Effect of Conservation Practices on Soil Quality 
Soil organic carhm ( C )  is an importnnt me;Isure of soil qi~ality or soil health, while N is important 

to plant nutrition. Soil samples collecteii from the 0- to 5-cm, 5-  to 10-cm, and 10- to 20-cm depths from 

each plot ft>llowing 14 seasons c ) t  continuous cropping prc~viile ;In inilication of the effect of conservation 

practices on soil quality. Although mean differences fc>r organic C at all depths and for N at the 10- to 20- 

Maize Yield (kgtha) 

Trees with Trees and Trees Rock Walls Canals Grass Control 
Fertilizer Grass 

Conservation Barrier 

Figure 5. Maize yields averaged over best and worst seasons, when grown with conservation barriers of trees 
with fertilizer applied to the crop (T/F), trees and grass (T/G), trees, rock walls, canals, grass, and control 
without conservation barrier. Biomass from trees and grass were applied to the alleys. Pernier, Haiti. 1993- 
1999. 
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Summary of Conservation Bamer Effects 
The yieU ~1.i~-I pnwnrtd in t~:wn- 2-5 rrpwnr crwnples. d p ~ r n i c  prcrc+o ~n\\ t l \ - lnc w.l\*lll .Iitj;r. 

cnctx in wcarher ptternz. ch;m:w over wven y.1v in w i l  nutrient .t.~ru\. ch.~n:x. in p lmr  nurunr\. . t d  TI- 

ti;d chan:'ty in ril c l i s t r ih~ t~<w.  The  \-.tncws h.~rricr t re .~ rmmt~  inrer.~ert\l J ~ r i ~ w n r l v  u-~rh rh<w \:ln,xt. I.KI.~ 

The tnxmcnrs  an. i l l~r . t r . r rd  in ph.wtv Q - 16. 

.- 
Tree plus fertilizer (alley cmpping) 3.16 3.10 
Tree and g m s  ( a h  cqqmgj  3.34 3.08 
Tree (Jlq c& 3.07 3.10 
Rock wails 2-96 3.92 
Contour canak 2.94 299 
Gnsr ra 28 1 2.63 
No barrier control 2.72 2.62 

si@mce (F test) m ns 

I dl con- 
Tree rs no ow * m - 
Treeplurfemrsow(nokrt)  m ns m m 0 1 m 
Tree(nofem)rsnorreea 0 1 0 1 -* rn 

Tree (no k r t )  rs orher 
Conremaon pracaceb - m 0 1 - 
Tree (no k r t )  rs (rock. anal) ns m m - m 
Tree (no kn) rs gnrr ns "- - m 
Grass vr (rock canal. cont) ns ns ns m 0 1 m 
Control rs (rock. canal) ns ns ns m 0 1 m 
ns. '. *. - Not s ~ ~ s ~ c a l t y  s ~ g n k n t  s8gnlClant at the 0 05.0 0 I. and 0 005 lffeh d prchblay. mspmdy 
Tonvd smluded 
bConvd excluded 
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No Barrier 
The yield uf maize in the no-harrier control treatnrent declined hy 68% during the first four seasons 

(Figure 2) ,  fluctuating around a mean yield of 500 kg hi1-l fiir the rem,~iniier o t  the period (ignoring seasons 
with total crop hilures). The initi;d ilecline was und~iuhteilly relxteJ ti, the decomposition of organic mat- 
ter and resiclues associated with rhe previous cover crop. The soil at the I'emier site has a CEC of 58 cmdc  
kg-' and an tirganic matter content i ~ f  10% (C;uthrie et al.. 1995). inilicating a large reservoir of nutrients. 
The unifnnn distribution of soil over the field prwiileil the ccintr<d tre;ltment with some advantages over the 
consermtion harriers, as discussed hrlo\v. 

@ass Barriers 
As with the tree harriers, the grass was regularly pruned, ;lnd the clippings applied to the soil, so as r o  

recycle plant nutrients and to contribute organic lnatter to the s~iil. Maize yields with grass harriers were 
cnnsistently lower than with the no-harrier control (Figure i), and wcre lower, on average, than with the 
other harrier treatments. The  20% lciss in area available t t ~  the ~naizc crnp explains much of this diffcr- 
ence. Since the grass residues were not removed from the plot.;, nutrients taken up by the grass were recy- 
cled. Despite this, organic matter ,and N was not maintained in the soil (see tahle). Had the grass leaves 
been removed as forage, the nutrient status ot the plclts wtiulcl h;rve declined to a greater extent. 

Competition frnm the grass ;~ppe;rred to he low, even during droughty seasons (Figure 5 ) .  The IOU, 
competition from grass may he attributed to the hck of vigorous grmvth on the part of the grass species used 
in this trial. Panicuni maximum is a popular forage hunch grass t h ~ t  grciws to approximately 1 m in height. 
It does not fnnn the most effective harriers, hecause of its sm;dl stems, hut was chosen instead of Pennisetum 
purpureunr, more commonly used ;IS ;I soil cmservation harrier, hccausc i t  was assumed that vigorous gron.th 
and tall habit of the latter species ivould provide greater competitiiin to the maize crop. Had Pennisetum 
or another of the larger grasses heen used as the c<~nservatinn barrier, maize yields would most likely have 
been lower than that ohrained with P. maximum. Agus ct al. (I999h) reported that make yields planted 
with four-year-old harriers of Pennisetum purpureum were 26% :,if contrc,l yields. Acidition <if 60 kg N ha' 
had only a small effect on  maize grown with the grass. Howrler ( 1991) anil Leihner et al. ( 1996) also reporr- 
ed significant competition from Pennisetum. Although grass harriers may he effective fix soil conservation, 
farmers should not expect a henetit in terms of yield <if associ;~ted crop. For grass harriers to he economi- 
cally viahle, the henefit from use of the grass erosion ciintrd harrier5 would have to he greater than the loss 
in production hy the associated crop. 

Contour Canals 
Unlike the grass treatment, the same population c ~ f  maize was planted with contour canals as in the no- 

harrier contrnl. Despite that f x t ,  only in Season 7 wcre maize yields in the canal treatment substantially 
higher than that in the control (Figure 31, and this difference was not statistically significant. Averaged over 
the hest seasons, maize yields in contour canal plcits were c ~ ) m ~ r r a h l c  to those with rock \calls and slightly 
higher than with no harrier, hut during very droughty seasons, nwize yielils weraged lowest fix the trial. This 
was surprising, hecause one M~OUIII have expected the canals to impro\v soil moisture status hy trapping what 
rain there was, and therefore should have given higher yields t h m  the contnil and grass treatments. 

One of the reasons for lower yields in cmtour canal plots than in the control plots was the h z t  that 
the maize rows directly above the c;tnals were apparently afkcteil hy sl~il movenrmt into the canals, leav- 
ing the maize roots next to the canal exposed (Photo 11). Although cluring the course of the season, soil 
was gathered from the canals and thrown hack onto the adjacent m;~ize rnw, develqxnent of the maize 
plants was affected and yields were lo\ver in these rows. The ciintr~il phlts had mifor111 seedheds and the re  
fore were not subject to this prohlem. Another reason may have hem the shallow soil depth. C ~ n t o u r  
canals may he effective at trapping surface water and increasing tntiltration, hut on a shallow soil the water 
holding capacity is limited and any henefit in terms of infiltr:rtion may hc counteracted hy increased evap- 
oration frnm the extra surface area tti which the soil is expose~l. 



Rock WaUs 
Chi! in -Sa&rn i JiJ m.~ire yielJs wi th  nr.k s.;~lls vrhr.~nrl;rlly .XI~VS rhuw the n o - h ~ r n e r  ism1r.4 

(Figure 3). Thkit Ji i iercnie \\-.a nor signiiicnnt bv the LSI) reit. .I. with the i;rn.d trr.1r1nt.111. ~I.IIX .cuI~tic 
Jensities \\-ere i&wric;~l nj th.11 '4  the icmtrc,l. In Scswm 1:. ~ e h ~ i h  w.1. iIi.lr;urcrt:cJ b \  Jrquqht  .II t ~ d -  

ing  and e ;dy  silking, yielJ in rhc rock \\-dl treiltment tcstcJ . im~t~c;tnrlv lei* h n  in thC i.,ntr*L Tl11- I. 
cnntr.tr\- to  \eh;~t might e x p i t c d .  .inie the termcing eri&t ;tnJ red wall b:~rncn .lt+~llJ cnh.~rk-c rcwn. 

r i ~ m  ,>i nlnc~ri. This  c m  h, e\-pl .~~ncd hv the -;h.~llu\e Jeprh h-.In&. \vIiich. \wth a x e r  .I~J t t l l a s  cr.b 

.;it,n. rew i t t d  in expinure , t i  kxtrock ;I[ the extreme r,,p ,ti the dlev.. The  rn;r~:e ~n the c l w r  111.~ r,>w In 

the alley\ I d  very l i t t le i d  v r h n e  mJ hence \\.a> vcn- \-ulner.lble t,, Jrourl ir (I'lhrr,, 12). Cn&r .J~II.II~ 
rainiiill. these rows \\-ere able 1.) pnxfuie. but u d e r  c rd i t i cm.  ~~i.lr,wchr. n l ~ h r  the L T . ~  u;I.. p~r&h-~-J 
in the l ~ w c r  three r t w s  k d  rhe p lu tx  Thus. ,~lth~,ueIi nxk w.111. were v r n  e r i ~ ~ t l w  .I( \t.~hl~:ine ud. r t \ c r .  

dl. they diJ not  increase n m i x  d J  ~t Pemier. Jue I c m  c ~ ~ c ~ ~ l t ~ v . ~ b l e  x e ~ .  

Treelgrass Bammers (Aik?, Cropping) 
T h e  trmd in maire yield> w i th  t rec l~~.~. tu  h x r i c n  w.xr zinill;w t l r  th;u ,+r.uncJ wth trey. .d.uic (ttc- 

ure i  ? anrf 5 ) .  In the early w;xrmc, a i l ighr yielJ aJeanr;tge =-as rcc,&J Grr trrs!mx\\ h~rnrm ,wer t w o  

:tIonc. Th is  J iscrenic  i. > ~ ~ w w ~ : i t d  ~ i t h  .I hieher bim~:t~s 1-ielJ s~b t : t~neJ  trmn trw. .lnJ mi-,. thc 
Jirierence n;irro\\-ttl ~1vt.r t ime (F101re 2 )  .I> the prcduit iv i rv 01'rhe LT.I.. JwlincJ ,wer itme. rr~vin~.tbI\ 
Juc to  the sh& t r t m  the . ~ ~ u x i ; ~ r c i f  Ire<\ (I'ht~rc~ 11). 
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Fertilizer application by low resource Haitian farmers is not c<mnnon o n  maize, although fertilizers are 

used on high value vegetahle crops. These results suggest thar its application on maize may he ecmmnic in 

areas of Haiti where rainfall is ;~deq~late, particularly in conjunction with contour :~llcy cropping. 

SUMMARY A N D  C O N C L U S I O N S  

In seasons when drought stress conditions were severe, ncne the soil conservation pmctices withnut 

fertilizer substantially increased 1n;li:e yield on ;I total arw hasis ccrmpred to the no-harrier contrnl. In sea- 

sons where drought stress was less limiting (anJ excluding the initial two scasons in the trial), tree hxriers 

(alley cnipping) without fertilizer prt~videii 40'K higher yielil than ncl harrier, whcreiis r<xk walls and contour 

canals prmidcd 20% ;and 17'?:> higher yield, respectively. In a&iti<m to higher yields, alley cwpping was the 

only practice that sustained crop yields over tinie. It ;~lsc) sust;rineJ .;oil N and organic C a t  higher levels then 

did other conservation practices. Use of contiwr canals Jepreswil yield in Jrnughty seasons. Chss  hi~rriers 

resulted in decreasecl yields under all conditk>ns and '~d the L~west soil N and organic <: c<>nccntration\. 

Fertilizer application in cnntmir ;llley cropping suhstantially incrcaseil yield over alley cr()pping alone. 

These comparisons are h;~sed (1n total field area. In all harr~cr systems testeJ, cropping area was evcn- 

tu;ally reduced. If yield estimates are hased upon pro~iucti\.e crnpp~ng area, the c~~nservation practices com- 

pare more favorably with the control. It is also important t c ~  point out that these rcsults were i>ht:iineil on a 

shallow soil under drought-pronc con~liticins. O n  deep soils mil nlv> tlniier lnore reliehle rainfall conditions, 

productivity in the upper areas of alleys or terraces would not have heen reduce~l ;as dram;ltically as the). were 

on the shallow soil. Shallow soil5 are nevertheless cwnmun (,n mountain slopes in Haiti. 

It is easy to see from this Jata why low resource farmers are relucrant to invest in soil conservatinn struc- 

tures on their own, regardless ofthe type. Under drnught-pnmc u~nilitions, the economic henefit from a s ix-  

ahle lahor investment is likely to he negligible, at least in the short tc) medium term. Even in the best sea- 

sons, soil c<inser\mion alone was not nearly as effective at increasing crop yield as was fertilizer application. 

Pandey and Lapar (199R), eGlluating adoption of various conservation hedgerows in the Philippines, con- 

cluded that without access to improved technology and hetrer marketing infrastructure, farmers arc nclt like- 

ly  to view soil conservation practices as ecnnotnically beneficial. They recommend that farmers shift from 

subsistence to high value crnps in order to improve the returns t(> investment in soil conservatinn. An inte- 

grated apprnach thar seeks r ~ )  increase ecmcimic output per unit lanil is more likely to result in successfid 

adoption of soil and water c~>nser\-ation practices than hy fhcusing solely on reducinr soil erosion. 

Reducing mil ernsion is not sufi~icicnt to sustain crop yields on steep slopes. Soil erosion control should 

he accompanied hy efforts to impnwe soil fertility. Fnr low resource kmners, contour alley cmpping is the hest 

alternative among those tested f i~r  ad conservation on tropic;rl steepl;ands, hecause it susrains soil organic 

matter and N at a higher level and thus sustains c n ~ p  yields over time, while also reducing runoff and soil 

erosion. Ti susrain yields at higher than subsistence levels will require application of fertilizers to correct 

nutrient deficiencies. 
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APPENDIX 

FIGURES AND DATA TABLES 

F~plre  .+I. l'lt)r plan shcwine apprtwirn.~re I;~y~xit d plc,r, ;lnJ rre;rrnicnr. in il~l,l in I'cmlcr. 11.11r1. The 
bltx-k is inLlirl~tcd by the tint Jicir in the p l t ~  numb-r. TI = no Iurncr camrtd; T? = icmrtwr c.inal: T I  = 

tree dtme; T4 = ~ws: T i  = tree .tnJ mi\.: Th = nxl. \\..ill: T; = r rw  + L.~r~ll:cr. 
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Figure A2. Rainfall distrihutiiln patrern ;at Pernier, Hxiri. :lnil timing of planting (P)  and pruning (Pr) 

ciperatic~ns with respect to rainfall and tasseling (7) :mil silking (S)  ilatcs in the experiment. 
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Figure A2, continued. Rainfall distrihutim pattern at Pernier, H i t i ,  and timing of planting (P) and 

pruning (Pr) operations with respect tc, rainfill a n d  rasseling (T) and silking (S) dates in t h e  experiment. 



h s o n s  Til)age Pruning Pruning Runing Flanr Tassel Y m 
1 1993 15-19R 11-1713 2614 24-293 2 1-2815 ZS-MIS IS-2W 
2 1993 2-918 16-1818 2919 25-26/8 22-28110 281101111 15-2012 
3 1994 2BR-U3 9-1113 13/14/4 101115 1113 9-l4iS 12-M5 7 8 7  
4 1994 1016/8 25-2918 282919 2831110 2918 7 - I l l  10-I&II 4-5 1 
5 1995 &!OR 2-613 5 4 4  l It5 713 IS-2U5 182415 67 
6 1995 27-31i7 2 1 -2418 2 M  20110 2418 24-29/10 3 W I W I  I 19-21.12 
7 1996 9-130. 1-513 1914 I 9 5  1413 9- 1315 I S-2(VS 161&7 
8 1996 5-1318 23-2718 2719 2918 12-2211 M 2 9 i l l  
9 1997 1014D 24-2513 6715 2U3 
10 1997 1- 3-719 23110 8919 19-28111 28111-2112 1411 
1 1 1998 162013 26-2711 6715 4-516 2-34 20-2W5 266-66 22-247 
12 1998 11-1418 11-1418 89/10 1011 1 2818 5-14111 12-23111 2 2 - D l 2  
13 1999 IS-190 26R-U3 14-1514 19-2W5 I ID 101915 18276 I47 
14 1999 162318 19-2318 2119 26/10 24-2518 162UIO 23-28110 4 I 
15 2000 24-28R l l -1x4  1515 13-1414 62216 2028 &A 
16 2000 17-2UB 2318 211'9 2ff10 I19 25110611f 7-1311 1 9 1 
17 2001 12-1711 78L1 1914 2315 27-2813 2715-716 &ID6 I 35' 
Note Dater gwen as dayimonth Jamr)r  haryesu are in year subrequent to dur rhom 

h u n g  I st 2nd 3rd 50% SOX 
Seasons Dace Rumng h ~ n g  Rwang T& Yk HWWUI 



- -- -- - - -- 
TABLE A3. THE EFFECT OF SOIL CONSERVATION BARRIERS ON MAIZE GRAINYIELD AT 13% MOISTURE OVER 17 CONSECUTIVE CROPPING SEASONS, 

Treatments 

~ r e e ~  and fertilizer 
Tree and grassC 
Tree alone 
Stone wall 
Control (no Structure) 
Grass row 
Conrour canal 

Sienificance (F test) 

-- Croppmg seasonsa 
I 2 3 4 5 6 7 10 I I 12 13 14 16 17 

93-A 93-8 94-A 94-8- 95-A 95-8 96-A 97-8 98-A 98.8 99-A 99-6 00-6 OI-A 

L ~ O . O ,  580 350 370 230 410 340 480 150 
CV % 30. l 22.7 23.8 20.7 28.1 30.0 31.8 35.7 

~~ ~p 

ns. *,**. *** Nor  significant. rignificanr ar rhe 0.05.O.Ol. and 0.005 levels of probability, respectively. 
Notes: From Season 15 onward, P applied to all plots. In seasons 8.9, and 15, the entire cror, was lost due to drouehr 
' A  = 1st rainy season. Mar-Jul: 6 = 2nd rainy season. Aug-DecIJan. 

Hedgerows of Leucaena leucocephala managed for alley cropping. 
Rows of P. maximum. Prunings were applied t o  plots. 

Treatments 

TABLE A~.TOTAL DRY WEIGHT BIOMASS HARVESTED FROMTREES AND GRASS IN 17 CONSECUTIVE CROPPING SEASONS, PERNIER, HAITI, 1993-2001 

Cropping reasonsa 
I 2 3 4 5 6 7 8 9 10 I I I 2  I3 14 15 16 17 

93-A 93-8 94-A 94-8 95-A 95-6 96-A 96-6 97-A 97-8 98-A 98-6 99-A 99-8 OO-A 00-6 Ol-A 
................................................................................................. .. Mg ha. 1 

(Leucaena and gras) 
Treeb and grass 21.02 4.54 4.09 2.99 2.16 4.77 3.50 2.52 3.11 1.70 4.39 4.78 3.493.71 2.61 3.96 3.51 
Tree alone 16.00 3.83 3.39 2.42 1.76 3.83 2.91 1.95 2.36 1.09 4.22 4.22 2.84 3.42 2.13 3.03 2.64 
Tree and fertilizer 16.35 4.07 3.83 2.49 1.70 3.72 3.19 2.20 3.08 1.29 4.47 4.47 3.073.59 2.33 3.17 2.72 
Grassc row 2.03 1.41 0.94 0.62 0.45 0.68 0.59 0.47 0.37 0.37 0.18 0.18 0.580.64 0.74 0.89 0.26 

Significance (F test) *** *** *** w* *** *** w* *** * *ik *** *** *** ** ** *** *** 
L5D.~s 5.89 0.99 0.94 0.60 0.41 1.13 0.94 0.45 1.44 0.50 1.06 0.98 0.54 0.64 0.70 0.61 0.51 
CV % 21.28 14.32 15.43 14.21 13.62 17.36 18.43 12.67 32.28 22.42 15.94 13.92 10.86 11.23 18.02 11.00 11.13 

(Leucaena biomass) 
Tree and grass 20.6 1 4.37 3.96 2.74 1.93 4.35 3.19 2.19 2.79 1.40 4.30 4.30 3.26 3.41 2.27 3.54 3.27 
Tree alone 16.00 3.83 3.39 2.42 1.76 3.83 2.91 1.95 2.36 1.90 4.22 3.88 2.84 3.42 213 3.03 2.64 
Tree and fertilizer 16.35 4.07 3.83 2.49 1.70 3.72 3.19 2.20 3.08 1.29 4.47 4.45 3.07 3.59 2.33 3.17 2.72 

Significance (F test) ns * ns ns ns ns ns ns ns ns ns ns ns ns ns ns 

LSD 05 6.23 0.31 0.41 0.60 0.60 1.50 1.09 0.36 1.77 0.66 1.37 1.09 0.62 0.54 0.65 0.75 0.63 
CV % 15.58 3.31 4.86 10.46 14.81 16.69 15.56 7.49 28.52 23.08 13.99 11.45 8.96 6.85 12.76 10.18 9.60 

ns, L *" "*" ~ ~~ 

, , Not  significant, significant at the 0.05. 0.01, and 0.005 levels of probability, respectively. a, b, c footnotes: See above. 
p~~ - - .  



Table AS. Leaf Dry Weight Biomass Harvested fromTree and Grass Barriers in Seven Consecutive Seasons. Pernier. Hal . 
.... 

Cropping seasons' 

I 2 3 4 5 6 7 8 9 10 1 1  12 13 I 4  15 16 17 
Treatments 93-A 93-8 94-A 94-8 95-A 95-8 96-A 96-8 97.A 97-8 98-A 98-8 99-A . . . . . . .  99-8 00-A 00.8 OI-A 

Leucaeno and prnaa) $ ree and ~(rass - 
Tree alone 3.27 1.89 1.82 4 1.41 2.33 1.84 1.19 1.26 0.56 2.35 2.1 I 1.85 2.28 1.38 1.73 2.03 
Tree and fertilizer 3.19 2.10 2.01 1.63 1.35 2.29 1.92 1.31 1.62 0.67 2.53 2.38 2.00 2.38 1.52 1.77 2.09 
Grass row 2.03 1.41 0.94 0.62 0.45 0.68 0.59 0.47 0.37 0.37 0.18 0.94 0.58 0.64 0.74 0.89 0.26 

S~gn~ficance (F test) ns ns *w+ wait IU I** w ** **I *I* *** me* *I** ns "* I** 

LSD 0, 1.69 0.80 0.74 0.49 0.18 0.61 0.69 0.43 0.61 0.16 0.50 0.60 0.38 0.63 0.57 0.42 0.40 

CV % 27.54 20.56 21.21 16.95 11.09 14.52 20.69 18.27 24.12 12.49 12.89 14.60 11.23 16.25 2.12 12.80 11.18 

. .  

(Leucoeno blomoaa) 
Tree and grass 3.40 2.18 2.10 1.75 1.54 2.68 2.03 1.39 1.51 0.70 2.57 2.35 2.09 2.18 1.43 1.83 2.52 
Tree alone 3.27 1.89 1.82 1.54 I .  2.33 1.84 1.19 1.260.562.35 2.11 1.85 2.28 1.38 1.73 2.03 
Tree and ferulizar 3.19 2.10 2.01 1.63 1.35 2.29 1.92 1.31 1.62 0.67 2.53 2.38 2.00 2.38 1.52 1.77 2.09 

Smgnlficancs (F test) nr nr ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
LSD os 0.83 0.36 0.35 0.51 0 0.77 0.71 0.21 0.67 0.21 0.44 0.37 040 0.50 0.42 0.48 0.49 

CV % 11.15 778 7.88 13.71 12.55 13.93 16.24 6.96 27.38 21.39 11.88 1082 8.95 9.75 12.7 12.00 9.70 

. .  ~ - p ~ ~ -  - - .- ........ - .  ...................... ................ 
(Gmar leovea) 
Trso and grass 041 016 0.13 0.25 0.23 042 0.28 0.32 0.32 0.30 0.09 0.47 0.23 031 0.34 0.42 0.24 
Grass row 2.03 1.41 0.94 0.62 0.45 0.68 0.59 0.47 037 0.37 0.18 0.94 0.58 0.64 0.74 0.89 0.26 

Sbgt~~firance (F tort) nr ns nr 11% ns ns ns nr nr nr ns nr ns nr ns nr nr 
LSD 0, 326 1,34 1 . 1 1  0.68 023 0.96 393 0.85 0,31 0.07 0.39 163 0.32 1.26 1,30 0.88 0.06 
CV % 75.95 4868 59.08 4439 19.51 49.84 7279 61.47 25 I8  6.06 84.24 - 65.96 ----- - 22.27 ........... 76.03 68.36 38.00 7.07 ............. -. ~~ -~-uu -- ........... ~- 

nl. *. **' Not ~~pi f icant .  wgnlficant a t  tho 5% and 05% lovdr of probabfllty. ro~po~tlvrly. * A  = Is! rainy sea$on. Mar.Jul: 8 = 2nd my ~ #oaron. . . . . . . . . . .  A U L D ~ ~ ~  .- 



TABLE Ab. BRANCH AND STEM DRY WEIGHT BIOMASS HARVESTED FROM TREE BARRIERS. PERNIER, HAITI. 1993-200 1 
Cropplng seasonsa 

I 2 3 4 5 6 7 8 9 10 I I 12 13 14 15 16 17 
93-A 93.8 94-A 94-8 95-A 95-B 96-A 96-8 97-A 97-8 98-A 9 8 4  99-A_-_99-B OO-A 00-B OI-A 

Branchesb 

Treec and qassd 3.54 
Tree alone 2.60 
Tree and fertilizer 2.6 1 

Significance (F test) ns 

LSDos 1.10 
CV % 16.6 1 

Large stemse 
Tree and grass 12.90 
Tree alone 9.94 
Tree and fertilizer 10.31 

Sienificance (F test) ns 

ns. ".". *** No t  significant, significant at the 0.05,O.Ol. and 0.005 levels of probability, respectively. 
' A  = 1st rainy season. Mar-Jul: B = 2nd rainy season. Aug-DeciJan. 

Branches = green stems less than I cm (diameter). 
Hedgerows of Leucaeno leucocephala managed for alley cropping. 
Panicurn moxirnum. Prunings applied t o  plot. 
Stems 1-5 cm (diameter). . ~- 


